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1. 

EJECTION LIQUID AND EJECTION 
METHOD 

This is a continuation-in-part application of U.S. patent 
application Ser. No. 1 1/570,744 filed on Dec. 15, 2006, which 
is the National Stage of International Application No. PCT/ 
JP2005/018247, filed on Sep. 27, 2005. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to: a liquid composition Suit 

able for making droplets from a liquid containing at least one 
of proteins and peptides and a method of ejecting Such drop 
lets. 

2. Description of the Related Art 
Currently, many attempts have been conducted to utilize a 

protein solution as liquid droplets. For example, for the drug 
delivery method, the liquid droplets have been considered to 
be applied in transmucosal administration because of for 
example, advantages in that only a small amount of protein 
may be required in the production of a biochip or biosensor 
and the protein may be integrated easily. In addition, atten 
tions have been paid on a method of using a fine liquid droplet 
of protein for control on crystallization of protein and also for 
screening of a physiologically active Substance (see, for 
example, Japanese Patent Application Laid-Open No. 2002 
355025, Allain L. Ret al., “Fresenius J. Anal. Chem', vol. 371, 
p. 146-150, 2001, and Howard E I and Cachau RE, “Biotech 
niques”, vol. 33, p. 1302-1306, 2002). 

In recent years, mass production of proteins, particularly 
useful proteins Such as enzymes and those having physiologi 
cal activities has become possible by any technology Such as 
genetic recombinant technology. Therefore, the process of 
making protein into liquid droplets can be effective means in 
the field of searching, utilizing, and applying a novel protein 
medicine. More specifically, there are increasing significant 
demands on means for providing patients with many pharma 
ceutical agents by microdroplets. In particular, microdroplets 
have become important for the administration of proteins, 
peptides, and other biological materials from the lungs. In 
other words, the lung administration have been remarked as 
an administration route in place of an injection of a macro 
molecule peptide-based drug represented by insulin because 
the lungs have lung alveolis with their own extensive Surface 
areas of 50 to 140 m and the epithelium provided as a barrier 
of absorption is as thin as 0.1 um, while the enzyme activities 
of the lungs are Smaller than those of the gastrointestinal tract. 

In general, the deposition of microdroplets of drug in the 
lungs has been known to depend largely on the mass median 
aerodynamic diameters thereof. In particular, the delivery of 
the microdroplets to the lung alveolis in the deep portions of 
the lungs essentially requires the administration of the drop 
lets with high reproducibility which present between 1-5 um 
of particle size and have a narrow particle size distribution. 
As a method of preparing uniform droplets with a narrow 

particle size distribution, the use of a Suitable droplet genera 
tor diverted from those used in inkjet printing in the produc 
tion of extremely fine droplets and the application of the 
droplets have been reported in the art (see, for example, U.S. 
Pat. No. 5,894,841 and Japanese Patent Application Laid 
Open No. 2002-248171). Here, the specific inkjet printing 
method concerned involves leading liquid to be ejected into a 
small chamber where the liquid is subjected to physical 
power, thereby allowing droplets of the liquid to be ejected 
from orifices. A discharging method may be any one of those 
known in the art, Such as one that generates air bubbles 
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2 
spouting droplets through orifices formed on a chamber by 
means of electrical and thermal transducers such as thin-film 
resistors (i.e., a thermal inkjet method) and one that ejects 
liquid directly from orifices formed on a chamber by means of 
piezoelectric transducers (i.e., a piezo inkjet method). 

For allowing the lungs to absorb a drug, the dose of the drug 
should be controlled. Therefore, making droplets from the 
liquid by the inkjet method, which is capable of adjusting the 
ejection amount thereof, is a very preferable configuration. 
On the other hand, however, the ejection of a solution should 
be surely carried out in this case. However, the ejection of a 
protein solution is unstable when the protein solution is only 
controlled with respect to its surface tension and coefficient of 
viscosity. Therefore, the difficulty in quantitative ejection has 
often occurred. 

Problems associated with the process of making droplets of 
a protein or peptide using the inkjet method are due to the fact 
that the tertiary structure of the protein is brittle. Thus, the 
aggregation or degradation of the protein may occur when the 
configuration thereof is destroyed. When the process of mak 
ing droplets is carried out using the inkjet method, the struc 
tures of many proteins may become unstable owing to physi 
cal stress Such as pressure or shearing stress or to high Surface 
energy peculiar to microdroplets (if the thermal inkjet method 
is employed, heat is further applied in addition to the above 
stress). In particular, in the case of the inkjet method, those 
physical actions are extremely larger than the shearing force 
and thermal energy to be applied by conventional stirring or 
heat treatment (for example, in the case of the thermal inkjet 
method, approximately 300° C. and 90 atm are applied 
momentarily). Furthermore, several physical stresses are 
impressed at the same time, so that the stability of protein may 
tend to be substantially lowered, compared with the case of 
usually handling the protein. On this account, the conven 
tional technology for stabilizing protein may be insufficient 
when the inkjet technology is employed. If such a problem 
occurs, the protein may be aggregated at the time of making 
droplets and nozzles may be then clogged, thereby making it 
difficult to ejection droplets. 

Furthermore, droplets having diameters of 1 to 5um, which 
are Suitable for the lung administration, are extremely smaller 
than those having diameters of approximately 16 um used in 
any printer commercially available at present. Therefore, a 
larger Surface energy or shearing stress may be impressed on 
the droplets than on the droplets used in the printer. Therefore, 
it is more difficult to eject microdroplets suitable for inhaling 
protein into the lungs. 

Meanwhile, a method in which a surfactant (surface-active 
agent), a water-soluble high polymer Such as glycerol, a sac 
charide of various types or polyethylene glycol, and albumin 
or the like, are added is known as a method by which proteins 
and peptides are stabilized. However, in may cases, this 
method is little effective, or not effective at all, in improving 
the stability of ejection when proteins and peptides are 
ejected by the thermal inkjet method. 

In the pamphlet of International Publication No. WO 
02/094342, there is disclosed a compound for regulating sur 
face tension and a method of adding a humectant for a liquid 
composition for the pulmonary absorption of a droplet pre 
pared using a thermal inkjet method. Here, for increasing the 
stability of protein in a solution provided as droplets by the 
Surface tension, Viscosity, or moisturizing action of the solu 
tion, a Surfactant or a water-soluble polymer Such as polyeth 
ylene glycol is added. 

However, there is no description about the stability of 
discharging, and also the addition of a surfactant or a water 
soluble polymer exerts insufficient effects when the concen 



US 7,827,982 B2 
3 

tration of protein or peptide increases. In addition, there are 
more Surfactants which have been recognized as of no effect 
at all than those having effects. Besides, the stability is 
defined by not only the surface tension and viscosity. There 
fore, the method disclosed in the document is not a common 
practice for the stabilization of ejection. Therefore, for actual 
use, any liquid to be used for an ejection purpose, which is 
capable of discharging protein or peptide in a stable manner, 
becomes essential. 

SUMMARY OF THE INVENTION 

The present invention aims to provide: an ejection liquid to 
be provided for stably discharging droplets containing at least 
one of proteins and peptides by means of an inkjet method on 
the basis of the principle of the inkjet method; and an ejection 
method, a liquid-ejecting cartridge and an ejection device 
which are suitable for the ejection of the ejection liquid. 

The ejection liquid of the present invention is an ejection 
liquid to be ejected from an orifice using inkjet method, 
containing: at least one selected from proteins and peptides; a 
benzalkonium chloride; and a liquid medium. 

The ejection method of the present invention is character 
ized by ejecting the above ejection liquid on the principle of 
the inkjet method. 

The liquid-ejecting cartridge of the present invention is 
characterized by having a tank in which the above ejection 
liquid is held, and an ejection head which has an electricity 
heat conversion element capable of providing the ejection 
liquid with heat energy. 
The ejection device of the present invention is character 

ized by having the liquid-ejecting cartridge constructed as 
described above, a flow path through which a liquid ejected 
from a liquid-ejecting part of an ejection head the cartridge 
has is guided to an inhalation portion of a user, and an open 
1ng. 

According to the present invention, benzalkonium chloride 
is added to the Solution containing at least one of proteins and 
peptides, so that an ejection liquid capable of being ejected 
stably in accordance with inkjet method. 

Further features of the present invention will become 
apparent from the following description of exemplary 
embodiments with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram for illustrating a method of 
discharging a solution containing a protein or peptide on a 
substrate. 

FIG. 2 is an illustration of one pattern for arranging a spot 
of protein on a Surface of a Substrate. 

FIG. 3 is a schematic diagram for illustrating an inhalation 
head cartridge unit. 

FIG. 4 is a perspective diagram of an inhaler. 
FIG.5 is a perspective diagram of a state in which an access 

cover is opened in FIG. 4. 
FIG. 6 is a graphical representation of the ejection amount 

of an albumin Solution when it is ejected using a thermal 
inkjet method. 

FIG. 7 is a diagram of a model of the experiment method of 
Example 16. 

DESCRIPTION OF THE EMBODIMENTS 

The term “protein(s) as used in the present invention 
refers to any polypeptide in which a number of amino acids 
are linked with each other by peptide linkages and which is 
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4 
dissolved or dispersed in an aqueous solution. In addition, the 
term "peptide(s) as used in the present invention refers to a 
peptide in which two or more and 100 or less amino acids are 
being linked with each other by peptide linkages. Those pro 
teins and peptides may be chemically synthesized or may be 
purified from those naturally occurred. Typically, they may be 
recombinants of native proteins and peptides. In general, the 
proteins and peptides can be chemically modified by 
covalently bonding amino acid residues to protein and pep 
tide molecules, so that their therapeutic effects may be pro 
longed to attain improvements in their effects. 
When the present invention is implemented, various kinds 

of proteins and peptides which are desired to be provided as 
droplets can be used. The proteins and peptides which can be 
used in the present invention are not specifically limited as far 
as they have physiological activities on the living bodies and 
retain their activities in the living bodies. Most typically, 
making the droplets from the proteins and peptides of the 
present invention is for the delivery of proteins and peptides 
which are useful for therapeutics to the lungs. 

Examples thereof include: calcitonins; cyclosporine; 
blood coagulation factors; various hemopoietic factors such 
as G-CSF, GM-CSF, SCF, EPO, GM-MSF, and CSF-1; inter 
leukins such as IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, 
IL-9, IL-10, IL-11, and IL-12; IGFs; and cytokines such as 
M-CSF, thymosin, TNF, and LIF. Proteins having other useful 
therapeutic effects include vasoactive peptides, interferons 
(alpha, beta, gamma, and common interferon), growth factors 
and hormones such as human growth hormones and other 
animal growth hormones such as bovine, hog, and avian 
growth hormones, insulin, oxytocin, angiotensin, methion 
ine-enkephalin, substance P. ET-1, FGF, KGF, EGF, IGF. 
PDGF, LHRH, GHRH, FSH, DDAVP, PTH, vasopression, 
glucagon, and somatostatin. Protease inhibitors may be also 
used, including leupeptin, pepstatin, and metalloproteinase 
inhibitors such as TIMP-1 and TIMP-2. Nerve growth factors 
such as BDNF and NT3 may be also used. In addition, plas 
minogen activators such as tA, urokinase, and streptokinase 
may be also used. Any peptide moiety, which contains all or 
part of the main structure of a parent protein and retains at 
least a part of biological characteristics of the parent protein, 
may be also used. Any of the above substances modified with 
analogs, such as Substituted or defective analogs, modified 
amino acids such as peptide analogs, and water-soluble poly 
mers such as PEG and PVA may be also used. Critical 
Reviews in Therapeutic Drug Carrier Systems, 12 (2 & 3) 
(1995) clearly describes that the above mentioned proteins 
can be delivered to lung. 

Furthermore, for the production of a biochip or biosensor 
and the use for screening proteins and peptides, in addition to 
the above proteins and peptides, the above Substances modi 
fied with any of various enzymes such as oxidase, reductase, 
transferase, hydrase, lyase, isomerase, synthetase, epimerase, 
mutase, and rasease, various antibodies such as IgG and IgE, 
and antigens thereof, and proteins and peptides for diagnostic 
use, such as allergen, chaperonin, avidin, and biotin, and 
immobilizing agents may be also used. 
Any protein or peptide in the ejection liquid may be one 

having a molecular weight ranging from 0.5k to 150kDa. The 
content of at least one selected from proteins and peptides, 
which is selected depending on purposes, ranges preferably 
from 1 ug/ml to 200 mg/ml, more preferably from 0.1 mg/ml 
to 60 mg/ml. 

In general, it is known that the ejection of ink by the inkjet 
method may be improved by the addition of a surfactant or a 
Solvent such as polyethylene glycol. However, the inventors 
have found that when the protein or peptide solution is 
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ejected, an improvement in ejection ability cannot be recog 
nized only by the addition and an additional additive may be 
required. 

In the following description, the present invention will be 
described mainly with respect to a configuration using the 
thermal inkjet method because the thermal inkjet method 
shows the most significant improvement in ejection ability. In 
the present invention, piezoelectric inkjet method can be 
used, and an ejection method can be selected according to the 
kinds of protein and peptide to be ejected. In the present 
invention, among an inkjet method as usually used in a print 
ing field, an embodiment capable of providing a thermal 
energy by using an electrothermal transducer is described as 
“thermal inkjet method’ and an embodiment capable of pro 
viding a mechanical energy by using an electrothermal trans 
ducer is described as “piezo inkjet method”. These terms are 
employed for a liquid containing proteins, but such terms are 
merely expressed providing a liquid with ejection energy 
according to the principle of the inkjet method. 
As a result of extensive studies made by the present inven 

tors, they have discovered that a solution prepared by adding 
a benzalkonium chloride to a solution containing at least one 
of proteins and peptides as effective components is Suitable to 
be made into stable droplets on the principle of the inkjet 
method. The benzalkonium chloride used in the present 
invention corresponds to a case in which, in the benzalkonium 
represented by the following formula (1), X is a chloride ion. 

Formula (1) 
CH3 

CH X 

R in the formula (1) is a substituted or unsubstituted alkyl 
group having 8 to 18 carbon atoms, and may preferably be a 
saturated alkyl group having 8 to 16 carbon atoms. X in the 
formula (1) is a counterion, which may be of anionic species, 
and is at least one selected from an inorganic anion and an 
organic anion. As examples thereof, it may include halide 
ions such as chloride ions, bromide ions and iodide ions, 
hydroxide ions, carboxylate ions, nitrate ions, phosphate ions 
and sulfate ions. The counterion may be of one kind or of two 
or more kinds. 

The reason why the benzalkonium chloride contributes 
greatly to the stability of ejection is considered as stated 
below. The benzalkonium has a quaternary ammonium cation 
in the molecule, and also coexists with the counter anion to 
have hydration properties. It has also a feature that its hydra 
tion properties and ability to dissolve in water are so high that 
it can have high hydration properties even where it has a 
long-chain alkyl group in the molecule. On the other hand, the 
proteins and peptides are so strongly hydrophobic as to make 
it difficult to become stably hydrated. Inasmuch as the ben 
Zalkonium chloride has in its molecule the long-chain alkyl 
group, i.e., a hydrophobic group, the hydrophobic group acts 
on the hydrophobic moieties in the proteins and peptides, and 
also makes the proteins and peptides stably hydrated in virtue 
of hydration power of the cation and anion having high hydra 
tion properties. As the result, the mutual action of the proteins 
and peptides can be restrained. This action can keep the 
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6 
proteins and peptides from changing in properties and 
agglomerating because of energy loading coming when 
ejected on the principle of the thermal inkjet method, and also 
can stabilize the ejection. 
The addition concentration of benzalkonium chloride is 

preferably 0.01 to 20% by weight, more preferably 0.1 to 10% 
by weight, although it depends on the type and concentration 
of protein or peptide. 

In the present invention, it is found that the stable ejection 
can be retained by co-addition of benzalkonium chloride and 
the surfactant even if the concentrations of the additives are 
substantially reduced. The addition amount of benzalkonium 
chloride can be one-half to one-tenth of a solution having the 
same protein concentration by the addition of 0.2 to 1 part by 
weight of the surfactant with respect to one part by weight of 
benzalkonium chloride. 
The effects of the surfactant are different from those of 

benzalkonium chloride and may include the action of pre 
venting a protein from being denatured and the action of 
redissolving the aggregated protein to stabilize the ejection. A 
combination of those two different effects may lead to a 
synergistic effect to substantially improve the stability of 
ejection. The stability of ejection may not be secured because 
the Surfactant cannot solely prevent the aggregation of protein 
completely because of poor levels of those actions. 
The term “surfactant” as used in the present invention 

refers to a compound having both a polar moiety and a non 
polar moiety in one molecule and also having a characteristic 
feature in that the moieties are on their respective different 
local areas on the molecule, the Surfactant reduces two Sur 
face tensions in immiscible correlation by means of a molecu 
lar arrangement on the interface, and a micell can be formed. 

Specifically, typical examples of the Surfactant to be used, 
but not limited to, include: a sorbitan fatty acid ester such as 
Sorbitan monocaprylate, Sorbitan monolaurate, or Sorbitan 
monopalmitate; an N-acylamino acid of a surfactant having 
an amino acid as a hydrophilic group Such as N-coconut oil 
fatty acid glycine, N-coconut oil fatty glutamic acid, or N-lau 
royl glutamic acid; a fatty acid salt of amino acid; a glycerin 
fatty acid ester Such as glycerin monocaprylate, glycerin 
monomyristate, or glycerin monostearate; a polyglycerin 
fatty acid ester Such as decaglyceryl monostearate, decaglyc 
eryl distearate, or decaglyceryl monolinolate; a polyoxyeth 
ylene Sorbitan fatty acid ester Such as polyoxyethylene Sor 
bitan monolaurate, polyoxyethylene Sorbitan monooleate, 
polyoxyethylene Sorbitan monostearate, polyoxyethylene 
Sorbitan monopalmitate, polyoxyethylene Sorbitan trioleate, 
or polyoxyethylene Sorbitan tristearate; a polyoxyethylene 
sorbitol fatty acid ester such as polyoxyethylene sorbitol tet 
rastearate or polyoxyethylene Sorbitol tetraoleate; a polyoxy 
ethylene glycerin fatty acid ester Such as polyoxyethylene 
glyceryl monostearate; a polyethylene glycol fatty acid ester 
Such as polyethylene glycol distearate; a polyoxyethylene 
alkyl ether such as polyoxyethylene lauryl ether, a polyoxy 
ethylene polyoxypropylene alkyl ether such as polyoxyeth 
ylene polyoxypropylene glycol ether, polyoxyethylene poly 
oxypropylene propyl ether, or polyoxyethylene polyoxy 
propylene cetyl ether; a polyoxyethylene alkylphenyl ether 
Such as polyoxyethylene nonylphenyl ether, a polyoxyethyl 
ene hardened castor oil such as polyoxyethylene castor oil, 
polyoxyethylene hardened castor oil (polyoxyethylene 
hydrogenated castor oil); a polyoxyethylene beeswax deriva 
tive Such as polyoxyethylene Sorbitol beeswax; a polyoxyeth 
ylene lanolin derivative such as polyoxyethylene lanolin; a 
surfactant having HLB 6 to 18 such as a polyoxyethylene 
fatty acid amide (for example, polyoxyethylene Stearamide); 
an anionic Surfactant Such as an alkyl Sulfate having 8 to 18 
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carbon atoms (for example, Sodium cetyl sulfate, sodium 
lauryl Sulfate, or Sodium oleyl sulfate); a polyoxyethylene 
alkyl ether sulfate having the average number of additional 
moles of 2 to 4 of ethylene oxide and 8 to 18 carbon atoms at 
an alkyl group (for example, Sodium polyoxyethylene lauryl 
sulfate); an alkyl benzene sulfonate having 8 to 18 carbon 
atoms at an alkyl group Such as sodium lauryl benzene Sul 
fonate; an alkyl SulfoSuccinate having 8 to 18 carbonatoms at 
an alkyl group Such as Sodium lauryl SulfoSuccinate; a natural 
Surfactant Such as lecithin or glycerophospholipid; a sphin 
gophospholipid Such as sphingomyelin; and a saccharose 
fatty acid ester of a fatty acid ester having 8 to 18 carbon 
atoms. Those surfactants were added, alone or in combination 
with two kinds or more, to an ejecting liquid (liquid compo 
sitions) of the present invention. 

Preferable surfactants include polyoxyethylene sorbitan 
fatty acid ester, and particularly preferable Surfactants 
include polyoxyethylene 20 Sorbitan monolaurate, polyoxy 
ethylene (4) sorbitanmonooleate, polyoxyethylene 20 sorbi 
tan monopalmitate, polyoxyethylene 20 sorbitan monostear 
ate, polyoxyethylene 20 Sorbitantristearate, polyoxyethylene 
(5) sorbitanmonooleate, and polyoxyethylene 20 sorbitantri 
oleate. Of those, most preferable surfactants include polyoxy 
ethylene 20 sorbitan monolaurate, polyoxyethylene 20 sorbi 
tan monooleate. In addition, those preferable for pulmonary 
inhalation include polyoxyethylene 20 sorbitan monolaurate 
and polyoxyethylene 20 Sorbitan monooleate. 
The liquid medium may preferably chiefly be composed of 

water from the viewpoint of dissolving properties of proteins 
and the like. The water in the medium may preferably be in a 
proportion of 50% or more. In addition to the water that is the 
main component of the medium, a mixed solvent may be used 
which contains a water-soluble organic solvent such as alco 
hol. 
AS specific example of the water-soluble organic solvent, it 

may include, e.g., amides such as dimethylformamide and 
dimethylacetamide; ketones such as acetone; ethers such as 
tetrahydrofuran and dioxane; alcohols such as ethanol; poly 
alkylene glycols such as polyethylene glycol and polypropy 
lene glycol; alkylene glycols the alkylene group of which has 
2 to 6 carbon atoms, such as ethylene glycol, propylene gly 
col, butylene glycol, triethylene glycol, 1.2.6-hexanetriol, 
thiodiglycol, hexylene glycol and diethylene glycol, glyc 
erol; lower alkyl ethers of polyhydric alcohols, such as eth 
ylene glycol monomethyl (or -ethyl)ether, diethylene glycol 
monomethyl (or -ethyl)ether and triethylene glycol monom 
ethyl (or -ethyl)ether; and N-methyl-2-pyrrolidone. 

In the present invention, the protein, the amino acid and the 
Surfactant may previously be mixed, or may be mixed imme 
diately before ejection. These may preferably uniformly be 
mixed before ejection. 

In the embodiments of the present invention, for removing 
microbial effects, an antimicrobial agent, a germicidal agent, 
and an antiseptic agent may be added. Examples of those 
agents include: phenolic derivatives such as phenol, cresol, 
and anisole; quaternary ammonium salts such as benzalko 
nium chloride and benzatonium chloride; benzoic acids Such 
as benzoic acid and paraoxybenzoic acid ester, and Sorbic 
acid. 

In some embodiments of the present invention, for elevat 
ing physical stability in conservation, any one of oil, glycerin, 
ethanol, urea, cellulose, polyethylene glycol, and alginate 
may be added. In addition, for elevating chemical stability, 
ascorbic acid, citric acid, cyclodextrin, tocopherol, or any 
other anti-oxidizing agent may be added. 
Any buffer may be added to adjust the pH of the ejection 

liquid. Examples of the buffer, which may be used, include 
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8 
ascorbic acid, citric acid, diluted hydrochloric acid, and 
diluted sodium hydroxide, and also include other buffers such 
as Sodium hydrogenphosphate, sodium dihydrogen phos 
phate, potassium hydrogenphosphate, potassium dihydrogen 
phosphate, PBS, HEPES, and Tris. 

Aminoethylsulfonic acid, potassium chloride, Sodium 
chloride, glycerin, or sodium bicarbonate may be added as an 
isotonizing agent. 
Any one of Saccharides Such as glucose and Sorbitol, 

Sweetening agents such as aspartame, menthol, and various 
aromatics may be added as a flavoring agent. The lipophilic 
agents as well as lipopholic agents such as oily ones can be 
used. 

Various additives adapted to the purpose for which the 
spray liquid to be applied is used may further optionally be 
added in proper quantities, as exemplified by a surface modi 
fier, a viscosity modifier, a solvent and a humectant. 

Stated specifically, as additives that may be mixed, they 
may be exemplified by a hydrophilic binder, a hydrophobic 
binder, a hydrophilic thickening agent, a hydrophobic thick 
ening agent, glycol derivatives, alcohols, flavoring compo 
nents and an electrolyte, any of which may be selected and 
may be used alone or in the form of a mixture(s). 

In regard to various Substances utilized as the additives 
exemplified above, it is preferable to use those used in medi 
cal purposes, listed in a pharmacopoeia or the like of every 
country as secondary components which can be added in 
preparing therapeutic solutions, or those which are admitted 
as being utilizable in food and cosmetics. 

Various substances mixed as the additives may differ 
depending on their types and combination and also on the 
types of the proteins and peptides to which the substances are 
to be added. In general, from the viewpoint of ejection per 
formance, they may each preferably be added in an amount 
selected within the range of from 0.01% weight to 40% by 
weight, and more preferably within the range of from 0.1% 
weight to 20% by weight. 
When the above ejection liquid is used for the production 

ofa biochip or biosensor or for screening of protein, a system, 
which is almost the same as an inkjet printer commercially 
available at present, can be used. 
The ejection device (liquid-ejecting device) according to 

the present invention has an ejection head which can eject 
microdroplets of the liquid by the thermal inkjet method, and 
may preferably be so constructed that a large number of 
ejection units constituting the head may independently be 
driven. In Such a case, the part of electrical connection that is 
used to connect a plurality of control signals required for Such 
independent drive of the individual ejection units and the 
wiring for connection between the individual ejection units 
are set integral. In addition, it is preferable to set up a form of 
a liquid-ejecting cartridge in which a tank which holds the 
ejection liquid therein and an ejection head having an elec 
tricity-heat conversion element capable of providing the ejec 
tion liquid with heat energy are integrally constructed. 

FIG. 1 schematically shows a device for performing the 
formation of protein spots on a Substrate, making use of the 
ejection liquid according to the present invention. A substrate 
5 is utilized as a detection plate where areas are formed in 
which reference materials such as proteins, peptides, 
enzymes and antibodies for detecting, e.g., various Sub 
stances contained in a specimen are to be fixed. An ejection 
head 3 has at least i) liquid channels (not shown) where the 
liquidis provided with ejection energy and ii) ejection orifices 
(not shown) communicating the liquid channels. The liquid 
fed from a tank 1 holding the liquid therein to the liquid 
through a liquid-feeding path 2 is provided with heat energy, 
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and the liquid is ejected as droplets 4 from the ejection orifices 
to the substrate 5 surface at its predetermined positions. The 
Substrate 5 is disposed on a stage which can be positioned in 
the plane direction shown by an arrow. Thus, the position of 
impact of the droplets 4 on the substrate 5 is adjusted by 
moving the stage. The timing at which the droplets 4 are 
ejected is controlled by a drive controller 6 connected elec 
trically to the ejection head 3. 

FIG. 2 shows as a plan view an example of protein spots 
arranged at the substrate surface. In FIG. 2, tones of the spots 
indicate the height of protein and peptide concentration. 
Areas surrounded by dotted lines are each spotted with one 
kind of ejection liquid. In the example shown in FIG. 2, a 
plurality of independently drivable ejection units from which 
ejection liquids different from one another are ejected may be 
disposed at the part of the ejection head. Feed systems for 
stated ejection liquids may be connected to the respective 
units to form two or more kinds of spots on the Substrate. 
Further, the quantity in which the liquid is applied at each 
position of spot formation may be changed to form spots with 
liquids applied in different quantities. 
As the ejection head 3, one constructed variously accord 

ing to the size and arrangement density of the spots to be 
formed on the substrate may be utilized. Where the quantity 
of one droplet is set in the order of subpicolitter or femtolitter, 
it is preferable to use an ultramicrodroplet ejection head hav 
ing Superior droplet quantity controllability in Such order, 
which is disclosed in Japanese Patent Application Laid-open 
No. 2003-154655. 

A case in which the ejection liquid according to the present 
invention is used for spraying, in particular, a case in which it 
is used in an inhaler is described next. As the inhaler, it is 
preferable to use an inhaler constructed to independently have 
a part where the ejection liquid (a solution) is converted into 
fine droplets and a part where the liquid having been sprayed 
in microdroplets is mixed into air streams for transporting it. 
Thus, the part where the liquid is converted into fine droplets 
and the part where the air streams containing the microdrop 
lets are formed are separated. This enables more uniform 
adjustment of ejection quantity. That is, the quantity of pro 
teins and peptides as effective components, i.e., the quantity 
prescribed for each single-time administration can more uni 
formly be adjusted in the air streams when a person to be 
administered is made to inhale the air streams. The ejection 
head part may also be so constructed as to eject effective 
components which are different for each of the plurality of 
units having a large number of ejection orifices as described 
above. This enables control of ejection quantities of the plu 
rality of effective components. 
As the ejection head serving as a spray mechanism, an 

ejection head may be used which allows disposition of ejec 
tion orifices in a high density and is drivable on the principle 
of the thermal inkjet method. This enables easy miniaturiza 
tion of inhalers portable by users. 

In an inhaler for lung administration, it is important that the 
droplets contained in the air streams have a particle diameter 
of from 1 to 5 um and also have a narrow particle size distri 
bution. When used as portable one, it is further necessary for 
the inhaler to be of compact construction. 
An example of a liquid-ejecting part Such an inhaler has is 

schematically shown in FIG. 3. This liquid-ejecting part con 
sists basically of a head 9, a tank 7 which holds the ejection 
liquid therein, a liquid flow path 8 through which the ejection 
liquid is fed from the tank 7 to the head 9, a controller 11 
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10 
which controls the driving of the head9 and a wiring 10 which 
connects the head 9 and the controller 11 electrically. This 
liquid-ejecting part further has structure as a head cartridge 
unit in which the above component parts are integrally 
formed. This head cartridge unit may optionally be so con 
structed as to be detachably mountable to the inhaler. As the 
head 9, what has construction of the droplet ejection head 
disclosed in Japanese Patent Application Laid-open No. 
2003-154665 is preferred. 
An example of a portable inhaler (inhaler) having the head 

cartridge unit constructed in this way is described with refer 
ence to FIGS. 4 and 5. The inhaler shown in FIGS. 4 and 5 has 
construction of an example in which it is made compact so 
that a user can carry it as an inhaler used for medical purposes. 

FIG. 4 is a perspective diagram showing an external view 
of the inhaler, where reference numeral 15 denotes the body 
of the inhaler and 12 denotes an access cover, and the body 
and the cover form a housing. In FIG. 5, there is shown the 
access cover 12 being opened. When the access cover 12 is 
opened, a head cartridge unit 16 and a mouthpiece 13 can be 
seen. When a user performs an inhalation movement, the air 
can enter the mouthpiece 13 through an air intake and be then 
mixed with a drug ejected from an ejection orifice formed in 
the head part of the head cartridge unit 16, followed by mov 
ing toward the outlet of the mouthpiece in the form of allow 
ing a person to Sputter. The user puts the tip of the mouthpiece 
into the mouth and then holds it by teeth, followed by drawing 
in a breath. Thus, the drug Solution ejected as droplets from 
the liquid ejection part of the head cartridge unit can be 
inhaled effectively. 

Furthermore, the head cartridge unit 16 can be designed so 
as to be removably attached on the inhaler if necessary. 
By adopting the configuration shown in FIGS. 4 and 5. 

microdroplets formed can naturally reach the throat, and the 
inside of the trachea, of the subject to which they are to be 
administered with inspired air. Therefore, the amount of the 
nebulized liquid (the dosage of active ingredient) can be 
independently controlled without depending on the Volume 
of air to be inhaled. 

EXAMPLES 

Reference Example 

Before carrying out the example, for more understanding 
the difficulty in ejection of a protein solution, the ejection 
amounts are represented when only the protein is ejected by 
the thermal inkjet method. The protein solution used is albu 
min dissolved in phosphoric acid buffer and then ejected at 
each concentration using athermal inkjet printer (trade name: 
PIXUS 950i, manufactured by Canon Inc.) which is a remod 
eled product for collecting the solution. In contrast, the ejec 
tion amounts of the respective albumin Solutions are repre 
sented with respect to the amount of pure water similarly 
ejected, which is defined as 100%. The results are shown in 
FIG. 6. 

The stability of ejection is not complete even when the 
concentration of albumin is as Small as 1 lug/ml. The ejection 
becomes gradually more difficult as the concentration of the 
protein increases. In the inhaler, droplets to be ejected must 
have Smaller sizes, so it may be difficult to eject a protein 
Solution. 
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Hereinafter, the present invention will be described in more 
detail with reference to the examples. Here, “6” stands for 
“% by weight”. 

Examples 1 to 11 and Comparative Examples 1 to 15 

Preparing Droplets of Protein Solution with Thermal 
Inkjet Method 

The procedure of preparing an ejection liquid was carried 
out such that albumin was previously dissolved in purified 
water at an appropriate concentration and then stirred while 
benzalkonium chloride was added, followed by adjusting the 
concentrations of the respective Substances to predetermined 
constant levels using purified water. 

Previously, the head cartridge having a nozzle diameter of 
3 um to be used for an ejection experiment was filled with a 
30% ethanol aqueous solution. Subsequently, a laser diffrac 
tion type measuring device for particle size distribution 

Protein 

Type 

Example: 

1 Albumin 
2 Insulin 
3 Glucagon 
4 Human growth hormone 
5 Interferon C. 

6 Interferon B 
7 Interferon Y 
8 Interleukin 2 
9 Carcitonin 
10 GLP-1 
11 Erythropoietin 

Comparative 
Example: 

1 Water 
2 Albumin 
3 Insulin 
4 Glucagon 
5 Human growth hormone 
6 Interferon C. 

7 Interferon B 
8 Interferon Y 
9 Interleukin 2 
10 Carcitonin 
11 GLP-1 
12 Erythropoietin 
13 Albumin 
14 Insulin 
15 Insulin 

(SprayTec, manufactured by Malvern Co., Ltd.) was used for 
measuring particle size and particle size distribution to detect 
droplets having a particle size distribution sharply found at 3 
lm. 
The above head cartridgehaving a nozzle diameter of 3 um 

was filled with an ejection liquid prepared in advance and 
then connected to an ejection controller, followed by carrying 
out ejection for 1 second at a frequency of 20 kHZ at a Voltage 
of 12V with an interval of 3 seconds to the subsequent ejec 
tion. This procedure was repeated 50 times, followed by 
visually observing whether the ejection occurred. The case 
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where ejection occurred 50 times or more was evaluated as A. 
the case where ejection occurred 15 times or more but less 
than 50 times was evaluated as B, and the case where ejection 
occurred less than 15 times evaluated as C. In addition, HPLC 
assay was carried out on the ejection liquid before and after 
the ejection thereof (assay conditions: device: JASCO Corp., 
Column; YMC-Pack Diol-200,500x8.0 mm ID, Eluent; 0.1 
M. KHPO, KHPO (pH 7.0) containing 0.2 M NaCL, 
Flow rate, 0.7 ml/min, Temperature: 25°C., Detection, UV at 
215 nm) to observe a change in composition of the ejection 
liquid. 
As comparative examples, ejection liquids were prepared 

using pure water, various protein Solutions, and Substances 
other than those used for the present invention and an experi 
ment was then carried out Such that the respective liquids 
were ejected by the same way as that of the examples. Here, 
the formulations studied for the examples and comparative 
examples and the results thereof were listed in Table 1 below. 

TABLE 1. 

Benzalkonium Surfactant Ejection 
chloride and additive performance 

Concentration Concentration type Concentration Evaluation 

1 mg/m 40 mg/ml None A. 
4 mg/m 40 mg/ml None A. 

0.5 mg/m 40 mg/ml None A. 
1 mg/m 40 mg/ml None A. 
1 mg/m 40 mg/ml None A. 
1 mg/m 40 mg/ml None A. 
1 mg/m 40 mg/ml None A. 
1 mg/m 40 mg/ml None A. 
1 mg/m 40 mg/ml None A. 
1 mg/m 40 mg/ml None A. 
1 mg/m 40 mg/ml None A. 

A. 
1 mg/ml None None C 
4 mg/ml None None C 

0.5 mg/ml None None C 
1 mg/ml None None C 
1 mg/ml None None C 
1 mg/ml None None C 
1 mg/ml None None C 
1 mg/ml None None C 
1 mg/ml None None C 
1 mg/ml None None C 
1 mg/ml None None C 
1 mg/ml None TWEEN8O 10 mg/ml C 
4 mg/ml None TWEEN2O 10 mg/ml B 
4 mg/ml None TWEEN2O 50 mg/ml C 

60 

65 

Pure water of Comparative Example 1 was ejected stably 
without a break because of no protein in the pure water. 
However, each of Comparative Examples which contained 
protein could not be ejected at all or was ejected little without 
depending on the kind of protein and the presence or absence 
of additives. When the surfactant Tween types was added as 
represented in Comparative Examples 13 to 15, the ejection 
occurred to some extent but resulted in poor stability. On the 
other hand, in each of Examples 1 to 11, the ejection was 
carried out normally and stabilized. As a result of HPLC 
analysis, in each of Examples 1 to 11, there were no changes 
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in peak position and in peak area before and after the ejection 
and also no change was recognized in the liquid composition. 

Examples 12 to 15 

Synergistic Effect of Benzalkonium Chloride with 
Surfactant 

Ejection liquids were prepared Such that a Surfactant was 
added to a solution added with benzalkonium chloride in 

14 
allowed to react at 4°C. After the reaction, the antibody-chip 
was washed very well and then dried, and was used as Sub 
strate for detection. 

Subsequently, the Substrate was subjected to a reaction 
with a substance 21 which could be specifically attached to 
the sample, and the substance was then labeled. Each of 
antibody solutions which were labeled with biotin as sub 
stances 21 specifically attached to the sample (biotinylated 
human IL2 monoclonal antibody, biotinylated human IL4 10 

protein. The resulting ejection liquids were evaluated by the monoclonal antibody, and biotinylated human IL6 mono 
same ejection experiment as that of Example 1. Here, formu- clonal antibody) was prepared so as to become a final con 
lations studied in the examples and the results obtained were centration of 1 lug/ml together with 3.0% benzalkonium chlo 
listed in Table 2 below. ride (w/w), 0.5% Tween 20 (w/w), and 0.1% BSA (w/w), 

TABLE 2 

Benzalkonium Surfactant Election 
Protein chloride and additive performance 

Example: Type Concentration Concentration type Concentration Evaluation 

12 Insulin 4 mg/ml 10 mg/ml TWEEN80 10 mg/ml A. 
13 Insulin 4 mg/ml 10 mg/ml TWEEN2O 10 mg/ml A. 
14 Insulin 4 mg/ml 10 mg/ml Lauroyl- 5 mg/ml A. 

sarcosine 
15 Albumin 1 mg/ml 10 mg/ml TWEEN2O 5 mg/ml A. 

Whenbenzalkonium chloride and surfactant were added at 
the same time, it was possible to eject the protein solution at 
an extremely smaller concentration than that of one added 
with benzalkonium chloride only. Besides, the amounts of the 
additives were largely decreased as a whole. As a result of 
carrying out HPLC assay on each of Examples 12 to 16, there 
was no change in peak chart before and after the ejection and 
no change was found in the liquid composition. 

Example 16 

Manufacture of Antibody Chip Using Inject Printer 
and Sensing 

FIG. 7 shows a model of this example. 
Each of human IL2 monoclonal antibody, human IL4 

monoclonal antibody, and human IL6 monoclonal antibody 
was prepared at a concentration of 0.1 to 500 ug/ml. Here, 
benzalkonium chloride was added so as to become 5% (w/w) 
to prepare an ejection liquid. The resulting solution was filled 
in a head of an inkjet printer (trade name: PIXUS 950i. 
manufactured by Canon Inc.) and then ejected on a poly-L- 
Lysine-coated slide glass to formantibody spots in prescribed 
arrangement pattern. Reference numeral 19 shows each of the 
above antibodies as a substance specifically reacted with the 
substance to be detected. 
The glass after ejection was incubated at 4°C., and the 

incubated glass was then masked with 1% BSA. Reference 
numeral 18 denotes BSA as a masking agent. After masking, 
the glass was washed very well and then provided as an 
antibody-chip Substrate. 
The chip and test Substances, recombinants IL2, IL4, and 

IL6 as a substance 20 to be detected, each 1 lug/ml, were 
prepared together with 3.0% benzalkonium chloride (w/w), 
0.5% Tween 20 (w/w), and 0.1% BSA (w/w), respectively. 
The solution was filled in the head of the inkjet printer (trade 
name: PIXUS 950i, manufactured by Canon Inc.) and then 
ejected on the above substrate with the same patterns. After 
discharging, a cover glass was placed on the Substrate and 

30 

35 

40 

45 

50 

55 

60 

65 

followed by being filled in the head of the inkjet printer (trade 
name: PIXUS 950i, manufactured by Canon Inc.) and then 
ejected on the above substrate with the same patterns. After 
discharging, a cover glass was placed on the substrate and 
allowed to react at 4°C. After the reaction, the resultant was 
washed very well and then dried. 

For labeling, 10ug/ml of Cy3-labeled streptavidine 22 was 
prepared so as to become a final concentration of 3.0% ben 
Zalkonium chloride (w/w), 0.5% Tween 20 (w/w), and 0.1% 
BSA (w/w), followed by being filled in the head of the inkjet 
printer (trade name: PIXUS 950i, manufactured by Canon 
Inc.) and then ejected on the above substrate with the same 
patterns. After discharging, a cover glass was placed on the 
substrate and allowed to react at 4°C. After the reaction, the 
resultant was washed very well and then dried. 

After that, excitation light was applied to the post-reaction 
Substrate and the level of a fluorescence signal was then 
measured with respect to the emission of Cy3 using a fluo 
rescence scanner on which a filter having a transmission 
wavelength of 532 nm had been placed. Consequently, fluo 
rescence signals depending on the types and concentrations 
of the samples were detected. 

While the present invention has been described with refer 
ence to exemplary embodiments, it is to be understood that 
the invention is not limited to the disclosed exemplary 
embodiments. The scope of the following claims is to be 
accorded the broadest interpretation so as to encompass all 
Such modifications and equivalent structures and functions. 

This application claims priority from Japanese Patent 
Application Nos. 2004-279864 filed Sep. 27, 2004, 2005 
252154 filed Aug. 31, 2005 and 2006-085565 filed Mar. 27, 
2006, which are hereby incorporated by reference herein. 
What is claimed is: 
1. A liquid-ejection method employing a liquid-ejection 

device comprising a liquid-ejection head for ejecting a liquid 
by a thermal inkjet system, a tank for holding a liquid, and a 
liquid-feeding path for Supplying the liquid held in the tank to 
the liquid-ejection head, the method comprising: 
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a step of ejecting the liquid from the liquid-ejection headby 
(i) Supplying the liquid held in the tank to the liquid 
ejection head through the liquid-feeding path, and (ii) 
applying an ejection energy to the liquid Supplied, 

wherein the liquid comprises (i) at least one selected from 
proteins and peptides, (ii) a benzalkonium chloride, and 
(iii) a liquid medium containing water as a main com 
ponent. 

2. The liquid-ejection method according to claim 1, 
wherein at least one of the proteins and peptides is at least one 

16 
of Substances selected from carcitonins, insulins, glucagons, 
interferons, protease inhibitors, cytokines, growth hormones, 
hematopoietic factor proteins, and antibodies; and analogues 
of any of these, and derivatives of any of these. 

3. The liquid-ejection method according to claim 1, further 
comprising a Surfactant other than benzalkonium chloride. 

4. The liquid-ejection method according to claim 3, 
wherein the Surfactant comprises polyoxyethylene Sorbitan 
fatty acid ester. 


